of the thickness of Ag coating (t Ag ), the wavelengths of valleys have blueshift and p-v ratio increase at first but decrease for too thick Ag coating (thicker than 30 nm). It is worth noting that reflective valley has obvious blue-shift after the coating of silver coating, the reason of which is illustrated as follow. Before the metal coating, reflective valley corresponds to destructive interference (DI) of the reflective wave at the top of dielectric layer. After the metal coating, the interference mode will be changed by the participation of the metal layer. In this case, distinct reflective valley requires constructive interference (CI) occurs at the top of the dielectric layer to arouse maximum e-field and maximum absorption in the metal layer. Because of the non-trivial optical phase transition caused by the metal-dielectric interface, the wavelength of the new CI mode is located at the blue side of the wavelength of the original DI mode without metal coating, so the reflective valley blueshifts after the metal coating. This result can also be found in Fig. 1b for this fact is that our sputtering procedure also accompanies with the process of oxidation, which makes the deposition layer impure. So, in order to serve as broadband absorber layer, the impure metal layer needs to have relatively larger thickness than theoretical results. Fortunately, also due to the impurity, the experimentally prepared metallic broadband absorber does not block most of the light, as proved by Fig. 3c in main text, where the reflection over 50% and high p-v ratio can be found.
.
Supplementary Tables
Supplementary Table 1 However, when the thickness is too large, the p-v ratio will decrease instead. Here t a is the thickness of Ag coating layer. The data in this table is obtained from Fig. 2b and Supplementary Fig. 8b .
Supplementary Table 2 
where ab represents the incident direction from dielectric a to dielectric b, and n a represents the refractive index of dielectric a. The complex amplitudes of light waves reflected by interface 1 (E r1 ) and interface 2 (E r2 ) can be written in the form of 
which can be modulated by adjusting the thickness (L) and refractive index (n 2 ) of the thin film.
Subsequently, we can also theoretically calculate reflection of the incident light. 
n n n n n n n n e r n n n n n n n n e
, which is deduced by considering the boundary conditions of electromagnetic waves and nonferromagnetic materials 2 .
Then the reflection of the incident light is given by 2 1 Rr  (7)
From the calculated results of phase difference and light reflection, it is found that the reflective spectrum of this three layer system (one film on substrate) is tailored by the phase difference spectrum, which can be modulated by change the thickness of the dielectric thin film.
Supplementary Note 2 The theory of conjugate twin phase modulation in four layer system.
In the next step, we consider a four layer system with a thin coating layer (thickness = h) on the dielectric film discussed above. With normal incidence in this case, the reflective and refractive behaviors of light wave can be approximately described as the situation in Supplementary Scheme 2. The complex amplitudes of light waves reflected by interface 0 (E r0 ), 1 (E r1 ) and 2 (E r2 ) can be written in the form of (outer surface of the structure) takes place.
To figure out the effects of conjugate twin phase modulation, the behaviors of light waves, including reflection and electric field intensity, also need to be investigated.
Similar to the three layer system, light field in the four layer system with normal incident can be expressed as
